Long-term dietary exposures to lead in young children were calculated by combining food consumption data of 11 European countries categorised using harmonised broad food categories with occurrence data on lead from different Member States (pan-European approach). The results of the assessment in children living in the Netherlands were compared with a long-term lead intake assessment in the same group using Dutch lead concentration data and linking the consumption and concentration data at the highest possible level of detail. Exposures obtained with the pan-European approach were higher than the national exposure calculations. For both assessments cereals contributed most to the exposure. The lower dietary exposure in the national study was due to the use of lower lead concentrations and a more optimal linkage of food consumption and concentration data. When a pan-European approach, using a harmonised food categorisation system and ''European'' concentration data, results in a possible health risk related to the intake of an environmental chemical for a certain country, it is advisable to refine this assessment, as part of a tiered approach, using national occurrence data, including an optimised linkage between foods analysed and consumed for that country. In the case of lack of occurrence data, these data can be supplemented with data from the ''European'' concentration database or by generating additional concentration data at country level.
Introduction
In a project financed by the European Food Safety Authority (EFSA), with acronym EXPOCHI (EXPOsure in CHIldren) and described in detail by Huybrechts et al. (2011) , the long-term dietary exposure to several food contaminants (lead, chromium and selenium) was calculated using national and regional food consumption data of (young) children (1-14 years) from 12 European countries in combination with occurrence data obtained from European Union Member States. Also the intake of 60 food colours was estimated. The exposure results have been published on EFSA's website Boon, te Biesebeek, et al. 2010; Huybrechts et al. 2010; Sioen et al. 2010) , and have been partly incorporated in EFSA Opinions (EFSA 2010a (EFSA , 2010b . This project met the need within Europe for harmonised approaches for risk assessment. In this paper we will address in more detail the exposure calculations to lead.
Within EXPOCHI the long-term dietary exposure to lead was estimated by combining food consumption data of 12 European countries using food categories and a database containing occurrence data on lead obtained from different Member States (''European'' occurrence database). For this, foods coded at the national/regional level were assigned to 42 food groups, so that the food consumption data for all countries were categorised in a uniform way. The details of this categorisation are described by De Neve et al. (2010) . The same categorisation was performed for the analysed commodities. Subsequently, the data were combined to assess the long-term exposure using one usual intake model. By doing all this, the exposure to lead was estimated in a uniform way for all countries.
The approach taken in EXPOCHI to assess the exposure to lead is similar to that taken by EFSA in a recent assessment of the cadmium exposure in Europe (EFSA 2012), as well as in possible future contaminant exposure assessments performed by this authority. For the cadmium exposure assessment EFSA made use of the EFSA Comprehensive European Food Consumption Database (Comprehensive Database) (EFSA 2011c) . This database contains information on national food consumption patterns of 32 different dietary surveys carried out in 22 different Member States in which the food consumption data have been categorised according a harmonised system: the FoodEx1 system (EFSA 2011a) . This database also includes the data of EXPOCHI. To assess the long-term intake of cadmium in the European population, the national food consumption data of the Comprehensive Database were linked to European occurrence data obtained from 22 Member States, three European Economic Area or other countries and some food business operators. This resulted in long-term exposure estimates to cadmium per country. Such international assessments performed by EFSA may form the basis for possible risk reduction measures at European Union level for contaminants (e.g. decrease of maximum limits) when the exposure results do not exclude that a possible health risk may exist. When confronted with such an international risk assessment, Member States may need to address two questions: (1) how does the international risk relate to that at Member State level? and (2) if relevant, how can an appropriate risk management strategy be justified at Member State level? To answer these questions, a Member State may decide to perform a national risk assessment using national monitoring data to corroborate the signalled international risk and the possible risk mitigation measures. A good comparison between the input data used and an appropriate exposure assessment model are elementary for answering these questions.
This paper presents a summary of the calculations performed as part of EXPOCHI, and it will compare them with a national lead exposure assessment in young children living in the Netherlands using lead concentration data as analysed in the Netherlands. The challenges and possibilities of the EXPOCHI approach will be discussed, as well as its restrictions in relation to national intake levels. This paper focuses on the exposure calculations of lead. However, the issues addressed are very likely applicable to exposure calculations of other contaminants that are performed following the same approach as in EXPOCHI.
Methods

Food consumption data
In EXPOCHI children's food consumption data from 14 dietary surveys originating from 12 European countries, with an age range of 1-14 years, were included. These data were considered representative at either a national (Cyprus, Czech Republic, Denmark, Italy, France, Netherlands, Poland, Spain (enKid study), Sweden) or a regional (Belgium, Finland, Germany, Greece, Spain Basque) level. This paper presents and discusses the results for the age range of 1-10 years. The Cypriot study (11-14 years) was not included. For a summary of the food consumption data used, see Table 1 . For more details, see . All surveys covered all days of the week. Personal characteristics such as sex, age and body weight were also available. For further details on the EXPOCHI study design and methodology, see Huybrechts et al. (2011) .
In the national lead exposure assessment, the food consumption data of young children living in the Netherlands from the Dutch National Food Consumption Survey -Young Children 2005 (Ocke´et al. 2008 were used. In this survey, food consumption was recorded on 2 non-consecutive days (separated by 8-13 days) of 1279 children aged 2-6 years using an estimated pre-structured dietary record. Amounts consumed were estimated as accurately as possible: using photographs, in household measures or, if possible, in exact weight or volume (g or ml). Data entry of the dietary records was performed in a standardised way via the EPIC-soft program. These food consumption data of Dutch young children were also included in EXPOCHI (Table 1) .
Lead occurrence data
In EXPOCHI, lead concentration data as supplied to EFSA as part of DATEX-2008-0002 call for concentration data on lead covering the period [2003] [2004] [2005] [2006] [2007] [2008] were used. In total, more than 100,000 lead concentrations in various food commodities were submitted, predominantly derived from 14 European countries. Germany was the major contributor providing 44% of the data, followed by France (15%), Czech Republic (9.7%) and Romania (9.6%). After the data cleaning steps, 94,126 sample results were found suitable for use in the exposure assessments. These sample results covered all kinds of commodities that may contain lead, including milk, vegetables, fruits, cereals, fish and meat.
To calculate the exposure to lead using national lead concentrations, Dutch concentration data were used from Dutch monitoring programmes performed by the Netherlands Food and Consumer Product Safety Authority (NVWA 2002 (NVWA -2008 , the Institute for Marine Resources & Ecosystem Studies (2003 and 2007) and the Dutch Dairy Association (2005 . These data were stored in the Quality Agricultural Products database (http://www.chemkap.rivm.nl). Lead analyses were performed predominantly in raw agricultural commodities (RACs), including milk, vegetables, fruit, cereals, fish and meat, as well as liver and kidney. Since the lead concentrations in meat were limited, we derived meat concentrations from these two organ tissue concentrations, which are abundant. When lead enters an animal, including cattle, via their feed it is distributed throughout the body. When repeated exposure to background lead concentrations occurs, then the lead will distribute proportionally to all tissues. Based on the study of Vreman et al. (1986) the proportion of lead in meat:liver:kidney is 1:10:20. Using these proportions meat concentrations were derived from liver and kidney concentration data. In total 52 RACs were analysed with at least one sample containing lead at a concentration above the limit of detection (LOD) or quantification (LOQ). Lead concentrations in 45 RACs and 38 samples of infant food were reported to be below or at the LOD or LOQ.
It was observed that for wheat the Dutch occurrence database contained only analytical data from samples sampled in 2002 and that all reported concentrations were below a rather high LOQ of 200 mg kg -1 , equalling the maximum level of lead in cereals (European Commission 2006). Since the food group cereals was one of the most important contributor to lead exposure in EXPOCHI , as well as in a recent EFSA Opinion on lead in food (EFSA 2010b), we substituted the national cereal concentrations for the mean lead concentrations of the food category ''Cereal grain except rice'' as reported in the EFSA Opinion. For rice, we used the mean concentrations as reported for the food category ''Rice'' in this Opinion (EFSA 2010b). To avoid possible further underestimation of the lead exposure, also the reported mean lead concentrations of the food category ''Eggs'' were included in the national lead occurrence database. Eggs were not sampled as part of the Dutch monitoring programme due to the absence of a maximum level for lead in this food group (European Commission 2006) .
Concentrations of lead in drinking water were obtained from the Dutch National Drinking Water Database (http://www.os.amsterdam.nl/pdf/2010_ob_ cmilieu_3.pdf) and covered analyses performed in [2006] [2007] [2008] . This programme encompasses the results of measuring programmes of drinking water conducted by the Dutch drinking water companies, in compliance with drinking water regulations as enforced by the ''Dutch Drinking Water Inspectorate.'' In total, 7667 drinking water samples were analysed in this period.
Assignment concentration data to consumed foods
To link the food consumption and lead concentration data within EXPOCHI, both the foods reported in the different children's food consumption databases and those present in the occurrence database were categorised in 42 food groups (see Table A1 in Appendix 1). The grouping of analysed foods in the 42 food groups was performed by EFSA. No information on lead concentrations of the individual products constituting the food groups was available within EXPOCHI. Further details of the categorisation procedure used for the foods is reported in the food consumption databases (e.g. De . The national lead analyses were performed predominantly in RACs. To link lead concentrations analysed in these commodities, including drinking water, to the foods recorded in the food consumption survey, the consumption of foods was translated into the consumption of RACs using the conversion model for primary agricultural products (van Dooren et al. 1995; Boon et al. 2009 ). In this way, the lead concentrations analysed in RACs (such as pork, milk, cereals etc.) could be linked directly to consumed foods and also composite foods were included in the exposure assessment. Concentrations analysed in infant food were linked directly to consumption levels of these foods.
Concentration scenarios regarding lead concentrations assigned to non-detect samples
When reporting contaminant concentrations analysed in monitoring programmes, actual numeric values of concentrations are only reported when the measurements exceed the LOD or LOQ. In the exposure assessments performed within EXPOCHI, these measurements (the so-called non-detect samples) were assigned either 0 mg kg -1 (lower bound, LB) or the limit value itself (upper bound, UB). See Table A1 in Appendix 1 for the resulting mean lead concentrations per food group for both concentration scenarios. The same approach was taken in the Dutch national exposure assessment. However, for this assessment also a medium bound (MB) concentration scenario was applied in which all non-detect samples of commodities (including drinking water) with at least one sample with a concentration at or above the LOD or LOQ were assigned a concentration equal to half the limit value. The remaining non-detect samples were assumed to contain no lead. This scenario was chosen as a more optimal approach to link the analysed concentrations to the foods consumed as opposed to assigning all non-detect samples a concentration equal to 0 mg kg -1 or the relevant limit value. The resulting national lead concentrations per concentration scenario are listed in Table B1 in Appendix 2. Since in the EFSA Opinion on lead in food no MB concentrations are reported, we used for the MB concentration scenario the mean UB concentrations for cereals, rice and eggs.
Mean lead concentrations were used to estimate the exposure, since lead is known to be toxic after a longer period of ingestion (EFSA 2010b).
Modelling of the long-term exposure
In both studies, the long-term dietary exposure to lead was estimated using the betabinomial-normal (BBN) model, as implemented in the Monte Carlo Risk Assessment program (MCRA), version 6.2 (de Boer and van der Voet 2007). The BBN approach models separately the contaminant intake frequency and positive intake amounts as a function of age to produce the long-term exposure distribution. For this, the positive amounts distribution is logarithmically transformed into a normal distribution to remove the within-person variation that is of no interest for this type of exposure (Hoffmann et al. 2002; de Boer et al. 2009 ). After removal of the within-person variation, the logarithmically transformed positive exposure distribution is back-transformed and combined with the intake frequency to estimate the long-term exposure distribution. This is achieved by sampling a large number of times from both the exposure frequency and the back-transformed positive exposure distribution (Monte Carlo integration). The long-term exposure estimates are adjusted for the individual's body weight.
The uncertainty in the exposure analyses due to the limited size of the concentration and food consumption dataset was quantified in the national Dutch exposure calculation using the bootstrap approach. For more details, see Boon et al. (2011) . The uncertainty analyses resulted in a 95% confidence interval around the different percentiles of exposure. Table 2 lists the estimated percentiles of long-term dietary lead exposure of children for the LB and UB concentration scenarios as applied in EXPOCHI. The percentiles listed represent the lowest and highest exposure level as a function of age per country. Note that the age ranges differ per country ( Table 2 ). The exposure to lead was highest in the youngest children. The P95 of exposure of the LB concentration scenario ranged from 1.0 mg lead kg -1 bw day -1 in Swedish and Spanish kids aged 10 years to 3.1 mg lead kg -1 bw day -1 in 1-year-old children from Finland. The lowest P95 of exposure, 1.9 mg lead kg -1 bw day -1
Results
, in the UB concentration scenario was calculated for Spanish-Basque children aged 10 years. Finnish children aged 1 year had, as in the LB concentration scenario, the highest P95 of exposure in the UB concentration scenario, i.e. 5.5 mg lead kg -1 bw day -1
. Overall, it is interesting to observe that several percentile intervals did not overlap in both concentration scenarios (e.g. P50 of Belgium, Czech Republic, Denmark and France), whereas others did (e.g. P50 Belgium and Finland-DIPP) (Figure 1 ). The same was true for the P95 and P99 of exposures. Because a common concentration dataset was used, these similarities and differences in exposure were due to cross-country differences in food habits. For a more detailed description of the exposure results, see .
In the EXPOCHI LB concentration scenario, food groups that contributed most to the exposure were ''cereals,'' ''vegetables,'' ''miscellaneous'' and ''fruit (juices).'' In the UB concentration scenario, also the food groups ''cereals,'' ''vegetables'' and ''miscellaneous'' contributed most to the exposure. However, the food group ''fruit juices'' was replaced by the food groups ''soft drinks/edible ices.'' As an example, Table 3 lists the top three food groups contributing most to the long-term lead exposure distribution of children living in France, Italy, the Netherlands and Spain, including the percentage of contribution. Note that the age range was 2-6 years for the Dutch children, whereas for France the range was 3-10 years and for Italy and Spain 1-10 years. Table 4 lists the national percentiles of long-term exposure to lead as a function of age in young Dutch children for the three concentration scenarios. The exposures decreased with age and were lowest in the LB and highest in the UB concentration scenario, as expected (Table 4 ). In the LB concentration scenario the P95 of exposure ranged from 0.33 mg kg -1 bw day -1 in 6-year-olds to 0.46 mg kg -1 bw day -1 in 2-year-olds. Corresponding numbers for the MB concentration scenario were 0.73 and 1.0 mg kg -1 bw day -1 and for the UB scenario 1.2 and 1.8 mg kg -1 bw day -1 , respectively (Table 4) . Figure 2 plots the most important sources of exposure for the three concentration scenarios over all ages (2-6 years). For the LB concentration scenario cereals (56%) contributed most to the long-term exposure to lead, followed by the food groups drinking water (12%), fruit (11%) and vegetables (10%). In the MB concentration scenario the food group cereals contributed also most to the exposure (35%), followed by milk (19%) and fruit (16%). In the UB concentration scenario, the same food groups contributed most to the exposure as in the MB concentration scenario: 21% for cereals, 22% for milk and 23% for fruit.
Discussion
In Europe there is a need for harmonised approaches for risk assessment, as well as harmonised procedures to collect accurate input data in order to ensure their quality and that exposures calculated for different Table 2 . Ranges of percentiles of dietary lead exposure estimates as a function of age (mg kg -1 bw day -1 ) of children (1-10 years) living in 11 different European countries, following two scenarios of assigning lead concentrations to non-detect samples.
Country (age range in years)
Exposure (range in mg kg -1 bw day 1.0-1.0 1.5-1.5 1.7-1.7 2.0-2.0 2.7-2.7 3.1-3.1 France (3-10)
1.3-0.8 2.2-1.4 2.7-1.7 2.4-1.5 3.9-2.4 4.8-2. Notes:
a LB ¼ non-detect samples were assigned a concentration of 0 mg kg -1 . b UB ¼ non-detect samples were assigned a concentration equal to the limit of detection (LOD) or quantification (LOQ). c Positive daily exposure distributions for both the LB and UB concentration scenario could not be transformed satisfactorily to normality using a logarithmic transformation. Exposures may therefore not be correct. d Lead exposure was independent of age at p ¼ 0.05. e Positive daily exposure distribution for the LB concentration scenario could not be transformed satisfactorily to normality using a logarithmic transformation. Exposures may therefore not be correct. Greece (4-6) Italy (1-10) Netherlands (2-6) Spain-Basque (4-10)
Spain-enKid (1-10) Sweden (3- For a more elaborate description of (some of) the food groups, see Huybrechts et al. (2011) . b LB ¼ non-detect samples were assigned a concentration of 0 mg kg -1 . c UB ¼ non-detect samples were assigned a concentration equal to limit of detection (LOD) and quantification (LOQ). d Positive daily exposure distribution for the LB concentration scenario could not be transformed satisfactorily to normality using a logarithmic transformation. Exposures may therefore not be correct. MB ¼ all non-detect samples of foods (including drinking water) with at least one sample with a concentration at or above the limit of determination (LOD) or quantification (LOQ) were assigned a concentration equal to 0.5 LOD or 0.5 LOQ. The remaining non-detect samples were assigned a concentration of 0 mg kg -1
. c UB ¼ all non-detect samples were assigned a concentration equal to the LOD or the LOQ. at a pan-European level. Until that time, food consumption data collected at a national/regional level are used to assess the exposure within Europe, acknowledging methodological differences, mainly related to the dietary assessment methods used, number of days included, and the study subjects sampling criteria. In EXPOCHI national/regional food consumption data on children were used to assess the exposure to different chemicals, including lead. Despite the differences in methodologies used to collect these data, in this project an effort was made to make the exposure assessments performed with these data as comparable as possible. This was achieved by the use of (1) a common food classification system, (2) the same lead concentration data (''collected European data'') as input for all participating countries, and (3) a harmonised approach to assess the long-term dietary exposure to lead. This paper reported on the dietary exposure to lead for the Netherlands using national concentration data. Comparing these exposure results with the EXPOCHI exposure results for the Netherlands shows that the EXPOCHI exposures were higher for the LB and UB concentration scenarios. For example, the P95 of the LB concentration scenario ranged from 1.4 to 1.8 mg lead kg -1 bw day -1 in EXPOCHI compared with 0.33 to 0.46 mg lead kg -1 bw day -1 in the national exposure assessment. Overall, the EXPOCHI exposure results for the Netherlands were on average 75% higher in the LB concentration scenario and 54% in the UB concentration scenario compared with the national exposure results. The LB concentration scenario in EXPOCHI for the Netherlands resulted also in higher exposures than the national MB concentration scenario (on average about 40%), including the 97.5% upper confidence limit, whereas the results of the national UB concentration scenario were on average comparable with those of the EXPOCHI LB concentration scenario for the Netherlands. Explanations for these differences in exposure are differences in the linkage between foods consumed and analysed and the lead concentrations used in the analyses. These two differences between the two exposure studies will be discussed in more detail in the next two sections.
Linkage between foods consumed and analysed
In EXPOCHI a common food classification system was used to link the food consumption data as present in the national/regional food consumption surveys to the lead occurrence data. Such a common food classification system is an important aspect of the harmonisation of dietary exposure assessments. To link the food consumption data with the lead occurrence data received from EFSA, foods were categorised in 42 broad communal groups. During this process certain details on the foods entered in the different regional/national food consumption databases were inevitably lost, resulting in an imperfect link between the foods consumed and those analysed. Due to the use of broad food groups, it is very likely that the exposure was overestimated. This was even more likely given the fact that in cases of doubt, in EXPOCHI foods were categorised in the food group linked to the highest lead concentration to avoid possible underestimation of the exposure .
For an optimal exposure result both the food consumption and occurrence data should preferably be categorised at the highest level of detail as possible. This approach was applied in the national exposure assessment in which we had information on the actual foods analysed as opposed to EXPOCHI. Furthermore, with the use of the conversion model in which all foods recorded in the food consumption survey were converted to their RAC ingredients (van Dooren et al. 1995; Boon et al. 2009 ), the lead concentrations analysed in raw commodities could be linked directly to consumption levels of these commodities. In this way, also composite foods were included in the assessment. Linking lead concentrations analysed in specific foods/ingredients to their specific consumption levels will in general result in a more accurate estimation of the exposure than when a food grouping approach of linkage is used. For national assessments, optimal linkages between foods consumed and analysed can be achieved if the data allow this. At the European level compromises will always be needed when selecting an approach that suits the data of all Member States. For example, when using input data collected via different methodologies, the poorest data available will often determine at which level harmonisation is possible, potentially affecting negatively the representativity of the ensuing exposure results at Member State level. For example, in the EFSA Opinion on cadmium, concentration and consumption data were mainly linked at the second level of the FoodEx1 system (EFSA 2012). This was the level at which all data providers were at least able to classify correctly the large majority of their food items (EFSA 2011a (EFSA , 2011c . FoodEx1, however, contains in total five hierarchical food levels with potentially more accurate links between food consumption and concentration data for a large part of the countries.
Lead concentration data
In EXPOCHI an ''European'' lead concentration database was used to assess the lead exposure in the different countries. These data were supplied by EFSA that received them from the different Member States under Regulation (EC) No. 178/2002 (European Commission 2002 . As in EXPOCHI, EFSA uses these data, combined with country-specific consumption data, to calculate the dietary exposure per country. No country-specific concentration data are used in these assessments (e.g. EFSA 2010b (e.g. EFSA , 2010c (e.g. EFSA , 2012 . An important issue when evaluating countryspecific dietary exposures obtained with a ''European'' concentration database is the representativeness of the concentration data in relation to the concentrations to which consumers in different European countries are exposed. In EXPOCHI, the lead concentration data were predominantly supplied by 14 Member States, of which 44% was by Germany and 15% by France. The concentration data used in EXPOCHI did therefore not cover equally all European countries involved in the present study. Due to differences in food consumption patterns between countries and the diversity of foods on the market this representativeness is not necessarily met. A comparison between the Dutch concentrations used in the national assessment and those of the ''European'' lead concentration data showed that EXPOCHI concentrations were on average higher than those analysed in Dutch monitoring programmes (Table 5) , resulting very likely in higher exposures in EXPOCHI. Especially lead concentrations in potatoes, fruit and vegetables (three frequently consumed food groups) were higher than those based on the national Dutch concentration data (Table 5 ). This approach of merging all the concentration data of different countries within Europe may be very helpful for countries that have no or only insufficient national concentration data available. In those cases, the use of a ''European'' database to replace or complement national data may be preferable above no or only limited data. A more advanced approach could be to link the data present in European concentration databases at country level if it is expected that concentrations may differ per country and the national data are of enough quality. Such an approach would also give the flexibility to select the data of those countries that most likely represent the situation in the country of interest.
Another important factor affecting the representativeness of the concentration data is sampling strategy, such as sampling randomly with the aim to analyse all relevant foods that may contain the contaminant of interest or with pre-knowledge of possible contamination by focusing only on a sub-selection of the highly contaminated foods. No information on the sampling method used was available within EXPOCHI, so that it cannot be excluded that the database may contain data from highly contaminated foods. For the national Dutch occurrence data, the foods (including drinking water) analysed by the majority of suppliers were sampled as part of monitoring programmes in which foods were sampled without prior knowledge of possible contamination, and can thus be viewed as representing lead concentrations that consumers may encounter when consuming these foods. This is however not always true for foods sampled by the NVWA. With help of the NVWA, we removed the samples taken by this authority as part of their targeted sampling programmes from the analyses. By this approach we feel that the majority of the data used in the national assessment can be viewed as being obtained from monitoring activities without prior knowledge of contamination.
Also the coverage of the foods is an important factor to address when evaluating exposure results. The occurrence data used by EXPOCHI covered, based on the 42 food groups, all relevant foods that may contain lead. For the Dutch occurrence data it was observed that for cereals only very limited data for wheat and rye were available, and that there were no data for eggs. For these commodities the concentration data as published by EFSA (2010b) were therefore used to avoid possible under-estimation of the exposure in young children. The analyses performed in drinking water and meat, including offal can be deemed to represent the Dutch situation, given the large amount of samples analysed over time, 7667 and 3536, respectively, and the regularity in which analyses were performed over the years. However, concerning the analyses performed in the other food groups, this is less clear, given the high level of non-detect samples (e.g. milk (98%)), the diversity of individual foods included in a food group and the low number of analyses per food group (e.g. potatoes (19 samples), infant food (35 samples)). The lead concentration data used in EXPOCHI were obtained from different Member States and therefore more data were available, both more samples for a certain food group, as a better coverage of all food groups. Supplementation of national occurrence data with data of a ''European'' database could be helpful to improve food coverage, provided this can be justified based on environmental conditions at country level. In the case of the wheat concentrations used in the national Dutch assessment, this may be justifiable. The majority of the wheat present in wheat meal is imported from Germany (Statistics Netherlands; http://www.cbs.nl), the country that supplied most of the lead concentration data in the ''European'' database. Another approach to increase the coverage of foods is to perform additional chemical analyses at country level in those foods for which occurrence data are missing and no ''European'' alternative or country-specific data of another, comparable country are available. In case of financial constraints, these additional analyses could be focused on those missing foods that are expected to contribute significantly to the exposure.
Use of a harmonised approach to assess the exposure Apart from the input data, also the model used to assess the long-term exposure determines the outcome of the exposure assessment. In both EXPOCHI and the national Dutch exposure calculation, the BBN model was used to assess the long-term exposure. With this model the long-term exposure is calculated by removal of the within-person variation. For this the positive daily exposure distribution was logarithmically transformed in a normal distribution, an important prerequisite to use the BBN model for estimating long-term exposure which should always be checked. For this we used the normal quantile-quantile (q-q) plot as proposed by de Boer et al. (2009) . In those cases in which the transformed positive daily exposure distribution is markedly non-normal, the results may be misleading. a LB ¼ lower bound; non-detect samples were assigned a concentration of 0 mg kg -1 . b UB ¼ upper bound; non-detect samples were assigned a concentration equal to limit of detection (LOD) or quantification (LOQ). c All non-detect samples of foods (including drinking water) with at least one sample with a concentration at or above the LOD or the LOQ were assigned a concentration equal to 0.5 LOD or 0.5 LOQ. The remaining non-detect samples were assigned 0 mg kg For seven surveys in EXPOCHI, the BBN model could not be used in a satisfactory way due to this, namely those from Denmark, Finland (both studies), Germany (all three studies) and Greece, in both concentration scenarios, and the Netherlands in the LB concentration scenario. For these surveys and scenarios, the long-term exposure estimates may be wrong. As described in the reason for this was a strong contribution from one specific food group to the right tail of the logarithmically transformed positive exposure distribution, except for Germany and Finland for which no food groups could be identified. Removal of the relevant food group from the respective databases resulted in a satisfactory transformation of the positive daily exposure distribution into a normal distribution using a logarithmic transformation . Given this observation, the linkage of the food consumption data to the analysed foods using a rather rough food categorisation system of 42 food groups may have been the reason why some positive daily exposure distributions could not be transformed to normality satisfactorily using a logarithmic transformation. The BBN assumption of normality of the logarithmically transformed positive daily lead exposure was met in both concentration scenarios in the national Dutch exposure calculation.
When transformation to normality fails, a simpler approach can be used to assess the long-term exposure: the observed individual means (OIM; Boon et al. 2011) . This is a simple method that averages the individual intake over survey days. In this approach the within-person variation is not corrected for, resulting in more conservative estimates of long-term exposure in the right tail of the exposure distribution compared to models that do so, like BBN. This approach is used by EFSA to assess the long-term exposure to environmental contaminants via food (EFSA 2011b) . Applying the OIM approach to the EXPOCHI LB concentration scenario for the Netherlands resulted in a similar exposure at P50 (1.1 mg lead kg -1 bw day -1 ), but in higher exposures at P95 and P99 compared with the BBN results (Table 2), 1.9 and 2.8 mg lead kg -1 bw day -1 , respectively. The OIM approach as implemented in MCRA version 6.2 does not allow to assess the exposure as a function of age.
Conclusion
With EXPOCHI a great step forward has been set in the harmonisation of risk assessment approaches within Europe. The EXPOCHI data have been incorporated in the EFSA Comprehensive Database using the FoodEx1 food classification system (EFSA 2011a (EFSA , 2011c . With this Comprehensive Database, in combination with European concentration data and a simple approach to assess long-term exposure, European long-term exposure assessments are performed to contaminants (EFSA 2012) . The national Dutch exposure study resulted in lower estimates of lead exposure compared with a ''European'' assessment using the same Dutch food consumption data due to the use of national lead concentration data linked to food consumption data at a higher level of detail. Given the way in which the EXPOCHI results were obtained (linkage via broad food groups and use of a ''European'' concentration database) we argued that an overestimation of the exposure may be expected. This approach can therefore be used as a first-tier assessment. When such an assessment results in a possible health risk related to the intake of a chemical for a certain country, it is advisable to refine this assessment by using national occurrence data, including a more optimised linkage between foods analysed and consumed for that country, and also, if not used in the first tier, an intake model that calculates the long-term exposure by removal of the within-person variation. Such an assessment should include an examination of the completeness of the national concentration data regarding coverage of potential food sources of exposure and of the underlying sampling strategy used to obtain the data. In case of lack of national occurrence data, these can be supplemented with concentration data from the European database provided this can be justified based on the environmental conditions at country level or by generating additional national concentration data using, in the case of financial constraints, a monitoring scheme focused on those missing foods that are expected to contribute significantly to the exposure. For a more elaborate description of (some of) the food groups, see Huybrechts et al. (2011). b No information was available about the years in which the foods categorised in the food groups were sampled. c Samples with a lead concentration below the LOD or the LOQ were assigned either a zero concentration (LB, lower bound) or a concentration equal to the relevant limit value (UB, upper bound). 
Appendix 2
